Analysis of hovering insect in two-dimensional space (Mathematical Analysis in Fluid and Gas Dynamics) by 飯間, 信
TitleAnalysis of hovering insect in two-dimensional space(Mathematical Analysis in Fluid and Gas Dynamics)
Author(s)飯間, 信




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Analysis of hovering insect in two-dimensional space









$X+iY=\rho U(m+i\Gamma)(\rho,$ $U,$ $m,$ $\Gamma$
) ( Oseen
Filon $\lfloor 3]$ )
[2, 4, 5, 6, 7, 8]
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$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\frac{1}{\rho}\nabla p+\nu\Delta u,$ $\nabla\cdot u=0$ , (1)
$u=(u, v)$ , $\rho$ , $p$ , $\nu$
(1)
$\frac{\partial\omega}{\partial t}-\nu\Delta\omega=\frac{\partial(\Psi,\omega)}{\partial(x,y)}$ , (2)
$\omega=\partial v/\partial x-\partial u/\partial y$ $\Psi$ $(u= \frac{c?\Psi}{\partial y}, v=-\frac{\partial\Psi}{\partial x})$
$B$ $\langle F\rangle=(\{F_{\iota},.\}, \{F_{y}\})$
$\{F\}=\int^{t+T}Fdt$ , $F=(F_{x}, F_{y})$ , (3)
$F_{i}= \int\int_{B}\sigma_{ij}(t)n_{j}dS$ $(i=x, y)$ , (4)
$\sigma_{ij}=-p\delta_{ij}+\mu(\partial_{ij}u+\partial_{j}u_{i})$ $(u_{x}=$











$\frac{\partial\omega}{\partial t}+2\nu k\frac{\partial\omega}{\partial x}-\nu\Delta\omega=\frac{\partial(\psi,\omega)}{\partial(x,y)}$ , (6)
$(k= \frac{U}{2\nu})$ $v$ $\psi$
$|v|\ll U$ $\psi$ $\omega$
$\epsilon$ $\omega$ $\psi$ $\omega=\epsilon\omega_{1}+\epsilon^{2}\omega_{2}+\ldots,$ $\psi=\epsilon\psi_{1}+\epsilon^{2}\psi_{2}+\ldots$
(6) $O(\epsilon)$ Oseen




$(\triangle-s_{r\iota}^{2})B_{n}=0$ , $s_{n}^{2}=k^{2}+i \frac{\Omega_{n}}{\nu}$ . (9)
$s_{n}=r_{n}e^{i\theta_{n}}$ ${\rm Re}(s_{\tau\iota})\equiv\alpha_{n}=r_{n}\cos\theta_{r}$ ${\rm Im}(s_{\tau\iota})\equiv\beta_{n}=r_{n}\sin\theta_{r\iota}({\rm Re}$
${\rm Im}$ ) $\alpha_{n}>0$ , $r_{k^{L}}\alpha\geq 1$ ( $\beta$n $=0$ )
(9) $\lim_{|X|arrow\infty}B_{n}=0$
$B_{n}(z)= \sum_{rr\iota=-\infty}^{\infty}R_{n},{}_{m}H_{\pi\iota}^{(1)}(z)e^{im\theta},$ $z=is_{n}r$, (10)
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$R_{n,m}$
$H_{rr\iota}^{(1)}$ Hankel , $(r, \theta)$
$H_{m}^{(1)}$ :




$\omega_{m,n}(x, t)$ , (12)
$n=-\infty m=-\infty$









$p_{n}\geq 1$ (15) $p_{n}=1(n=0)$ $x= \frac{k}{2C}y^{2}-\frac{c}{2k}$
$p_{n}>1(n\neq 0)$ $k^{2}(p_{n}^{2}-1) \{x-\frac{C}{k(p_{n}^{2}-1)}\}^{2}+k^{2}p_{n}^{2}y^{2}=\frac{p_{r\iota}^{2}}{p_{r\iota}^{2}-1}C^{2}$
$\omega_{m,0}$ Oseen wake
[10]. $n>0$
$\omega_{r’\iota,n}$ $A_{r\iota}(n\geq 1)$ $A_{1}\supset A_{2}\supset\ldots$ ,
$A_{n}(n\geq 1)$ $karrow 0$
$\omega_{1}$ $\{\omega_{1}\rangle(x)=\sum_{rr\iota=-\infty}^{\infty}\omega_{m,0},$ $\omega_{1}’(x, t)\equiv$







$F=(F_{x}, F_{y})$ [12] :
$F=- \frac{i}{2}\rho\oint_{C}\overline{W}^{2}d\overline{z}-2\mu\oint_{C},$ $z \frac{\partial\omega}{\partial z}dz+i\rho\oint_{C}\omega zd\Psi$ (16)
$- \frac{d}{dt}\{-\dot{\iota}\rho\int_{S}z\omega dV-\frac{i}{2}\rho\oint_{B}z(\overline{W}d\overline{z}+Wdz)\}$ . (17)
$F=X+iY$ $W=u-iv$ $\overline{W}$ $W$
$z$ $\overline{z}$
$W$
$W,$ $\Psi$ , $\omega$
$\partial\Psi$
$\omega=-2i\frac{\partial\overline{W}}{\partial z}$ ,$W=2i_{\overline{\partial z}}$ , (18)
$A$
$\{A\rangle$ $A’$ 2 $A,$ $B$ $\langle$AB) $=$
$\{A\}\{B\rangle+\langle A’B’\rangle$ (17)
$\langle F\rangle=-\frac{i}{2}\rho\oint_{C^{\gamma}}\{\overline{W}\rangle^{2}d\overline{z}-2\mu\oint_{C_{\text{ }}^{\tau}}z\frac{\partial\{\omega\rangle}{\partial z}dz+i\rho\oint_{C}\langle\omega\rangle z\{d\Psi\rangle$
$- \frac{i}{2}\rho\oint_{C^{\tau}}\langle\overline{W}^{r2}\rangle d\overline{z}+i\rho\oint_{C},’ z\langle\omega’d\Psi’\rangle$ (19)
$W$ $\omega$ $\frac{\partial}{\partial\overline{z}}W’=-\frac{1}{2}i\omega’$
$\omega’$ $A_{1}$ $0$ $C$ $A_{1}$ $C$
$\omega’\simeq 0$ $W’$ $W’=a_{1}z^{-1}+\cdot O(z^{-2})$







$\{F\}=\rho U(\langle m\}+i\{\Gamma\})$ , (21)
5
$x$ $\{$V$\}$
$x$ $\{$X$\}$ (21) $($X $\}=-\rho\langle V\}(rn\rangle$ $\{m\rangle$
Oseen Ossen (
(7) )
$\{W\rangle(x, y)=e^{kx}\sum_{n=-\infty}^{\infty}C_{n}K_{n}(kr)e^{ni\theta}+\frac{df}{dz}$ , (22)
$(C_{n}$ ,Kr
$\iota$ (kr) $r=|z|,$ $f(x, y)=f(z)(z=x+iy)$
[11]:
$f(z)=- \{V\}z+\frac{\{m\}+i\Gamma}{2\pi}\log z-i\frac{k^{\iota}2m^{2}}{4\pi^{\int}U}\frac{1}{z^{\frac{1}{2}}}+\ldots$ (23)
$\langle m\rangle$ $karrow 0$
$K_{n}(z)$
$\sum_{r\iota=-\infty}^{\infty}\frac{\pi}{k}{\rm Re}(C_{r\iota})+\langle m\}=0$ , (24)
Oseen
$r=r_{0}$ $\langle V\ranglearrow 0(karrow 0)$ $kr_{0}$ ,
103
$K_{n}$ $K_{0}(k \gamma_{0})\simeq-\ln(\frac{1}{2}kr_{0}),$ $K_{n}(kr_{0}) \simeq\frac{1}{2}(n-1)!(\frac{1}{2}kr_{0})^{-n}$ $(n\geq 1)$
$kr_{0}arrow 0$
Oseen (22) $C_{n}$
$C_{0}=O( \frac{1}{\ln(kr_{0}))})$ , (25)
$\frac{1}{2}C_{1}e^{i\theta}-\frac{\{m\rangle}{2\pi}=O(kr_{0})$ , (26)
$C_{n}=O((kr_{0})^{\tau\iota})(n\geq 2)$ . (27)
(24)
$\langle m\rangle=\frac{D_{0}}{k\ln(kr_{0})}+O(kr_{0})$ , (28)
(Do ) $\langle$X}
$\langle X\}=\frac{\rho\nu}{2}k\langle m\rangle=\frac{D_{0}’}{\ln(kr_{0})}+O(kr_{0})$ . (29)
(D\’o $kr_{0}$ ) $\{V\ranglearrow 0$ $\lim_{(V\ranglearrow 0}\langle X)=$
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